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Abstract
An integrated luminosity of 10 pb−1 at
p
s = 175 GeV will be sucient to
provide direct experimental evidence for non-vanishing self-couplings among
the weak vector bosons. An integrated luminosity of 100 pb−1 at
p
s = 175
GeV will provide direct evidence for non-minimal electromagnetic couplings
of the charged vector bosons W.
With respect to properties of the electroweak vector bosons, there are two salient
predictions of the standard electroweak theory [1] which lack direct experimental
conrmation so far: the non-Abelian coupling between the members of the SU(2)
triplet of vector bosons, and, closely connected to it, the so-called anomalous mag-
netic dipole moment coupling of the charged vector bosons, W. From the detailed
analysis of the LEP 1 precision data there is strong indirect evidence [2] that indeed
the standard couplings are realized in nature. The production of W+W− at LEP 2
will nevertheless open up a new domain of investigations by providing direct tests of
the non-Abelian structure and the anomalous magnetic dipole moment prediction.
Limited luminosity will restrict the possibility of precision measurements of the
trilinear γW+W− and the Z0W+W− couplings at LEP 2. It is the purpose of
the present note to point out that a rather small integrated luminosity at LEP 2,
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however, will nevertheless be sucient to provide empirical evidence for the existence
of a non-Abelian trilinear coupling among the massive vector bosons and for the
existence of an anomalous magnetic dipole moment of the W.
We start from the phenomenological Lagrangian for trilinear vector boson cou-
plings widely used in the simulation of future data [4]z,
Lint = −ie[A(W
−W+ −W













It contains the three arbitrary parameters xγ, Z and xZ and reduces to the standard
form for xγ = xZ = Z = 0. The parameter xγ is directly related to the anomalous
magnetic dipole moment γ of the W via
xγ  γ − 1; (2)
where γ = 1 is the value in the standard model.
In order to relate Z and xZ to the parameters in the Lagrangian before di-
agonalization of the neutral sector, it is advantageous to rewrite (1) in terms of
unmixed neutral vector boson elds. For the present purpose it is useful to describe
mixing in terms of current-mixing [5], i.e a mixing term between the third compo-
nent of the weak isotriplet, ~W 3 , and the photon eld tensor, which is denoted by
~F   @ ~A − @ ~A in order to discriminate ~F  from the physical photon eld
tensor F  emerging upon diagonalization. For details we refer to [3]. Carrying out
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where the third component of ~W is understood to be ~W3. The relations between g^,















The standard model thus corresponds to g^ = e
sW
, f^ = 0 and γ = 1.
Let us consider the Lagrangian (4) in some detail. It contains [3]:
zWe restrict ourselves to dimension-four, P- and C-conserving interactions.
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 An SU(2) symmetric interaction term of non-Abelian form with arbitrary
strength g^ which coincides with the standard term for the special choice g^ =
e
sW













provided we use the non-Abelian eld tensor,
~W  = @ ~W  − @ ~W  − g^ ~W   ~W : (7)
For g^ = 0, the kinetic term reduces to a triplet of Abelian vector boson eldsx.
Accordingly, the case of g^ = 0 will be referred to as the Abelian triplet model.
 A term of strength f^ which violates SU(2) symmetry independently of the
presence of the photon eld. Imposing the constraint of no intrinsic SU(2)
violation[3], i.e. SU(2) symmetry, when electromagnetism in (4) is absent, we





This requirement is abstracted from its empirical validity in the vector boson
mass term and is sometimes called custodial SU(2)c symmetry.
 The two terms describing the electromagnetic interactions. The term con-
taining ~A in (4) is simply obtained by applying the minimal substitution
principle, @ ! @ + ie ~AQ, Q being the charge operator, QW = W and
QW3 = 0, to the derivatives in the kinetic term (6) of the ~W triplet. The
anomalous magnetic moment term γ, on the other hand, need not necessarily
be present. Its presence, with the strength γ = 1, is, however, predicted in
the standard model, where it follows from the non-Abelian structure of the
interaction term upon diagonalization of the neutral boson interactions.
We note that both the charge coupling, e, as well as the magnetic moment
coupling, γ, appearing in connection with the unmixed eld ~A, ~F  in (4),
are identical to the couplings in the Lagrangian (1) for the physical elds, A,
F . This is in contrast to the case of the massive neutral vector boson, where
the third component of the triplet in (4) couples with a strength g^ dierent







We note in passing that the form of the terms containing g^ and f^ in (4) and the
relations (5) are not a unique feature of the ~A; ~W3 base used in (4). The same form,
with ~W3 replaced by W3, and the same relations between Z and g^ also follow when













xThe Abelian symmetry is broken by the mass terms for the vector bosons and the interactions
of the photon eld with the SU(2) vector bosons.
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The same relations follow from the fact that the second coloumn of the matrices in
(3) and (9) are identical. Obviously, however, W3 diers from ~W3, and the B terms
in the corresponding Lagrangian in the W3B basis dier from the ~A terms in (4).
In summary, it is a characteristic feature of a non-Abelian theory to contain
a coupling g^ 6= 0. Experimental evidence for g^ 6= 0 thus provides evidence for a
non-Abelian structure of the interactions among the members of the ~W triplet and
rules out a theory based on three Abelian vector boson elds.
It is a second characteristic feature of the non-Abelian nature of the standard
model interactions to contain an anomalous weak magnetic dipole moment term,
γ = 1. While a precision measurement of γ will be dicult, empirical evidence for
γ > 0 provides evidence for the existence of an interaction beyond simple minimal
coupling of the electromagnetic eld.
We turn to the experimental search for a non-Abelian coupling, g^ 6= 0, and the
search for an anomalous magnetic dipole moment, γ 6= 0.
We note that the present most stringent direct bound to the WWγ-coupling xγ
(assuming all other WWγ couplings to take their standard values and independently
of the magnitude of the WWZ-couplings) is [6] −1:6 < xγ < 1:8 at 95% CL{,
corresponding to −0:6 < γ < 2:8.
We consider a measurement of the total cross section of e+e− ! W+W− at
LEP 2 with a cut j cos j < 0:98 on the scattering angle. Formulae for the cross
section in terms of the parameters xγ; xZ and Z have been given in [4]. We assume
that the decay mode
e+e−! W+W− ! ll + 2 jets; (10)
will be detected at LEP 2, where the lepton l can be either an electron (positron)
or a muon (anti-muon). The branching ratio for this decay mode is 29.6%. We
assume that future data are in agreement with the standard model and calculate
the lines of constant 2 = 4 (86.5% CL) and 2 = 1 (39.4% CL) in the xγ-Z-plane,






withNSM andN(Z; xγ) denoting the number of events in the SM and the alternative
model with Z; xγ 6= 0.
In Figure 1 we show the 1 and 2 contours in the (Z; xγ) plane for an integrated
luminosity of L = 8 pb−1, at
p
s = 175 GeV. We see that this very small value of
L, corresponding to a few weeks of running, is sucient to detect a genuine non-
zero non-Abelian coupling, g^ 6= 0, at the 2 level. Likewise, minimal substitution,
γ = 0, in conjunction with an Abelian ~W triplet, g^ = 0, is excluded. We note
that similar results can be obtained with L = 20 pb−1 at
p
s = 170 GeV and with
L = 2:2 pb−1 at
p
s = 190 GeV.
To detect a non-vanshing magnetic moment, γ 6= 0, in the presence of a non-
vanishing non-Abelian coupling, g^ 6= 0, needs a somewhat higher integrated luminos-
ity. The result in Figure 2 corresponds to a luminosity of L = 100 pb−1 at
p
s = 175
{A form factor has been used in [6]. The bounds to the WWZ couplings reported in [6] are
not applicable to the model we consider here, because dierent relations among the couplings than
present in this model have been assumed in order to derive these bounds.
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GeV, thus providing evidence for a non-vanishing anomalous magnetic moment of
the W, γ > 0. Since a sucient number of standard events, NSM = 519, is
expected in this case, the events can be arranged in 6 bins equidistant over the scat-
tering angle cos , leading to the result also presented in Figure 2. In the same Figure
we also show the theoretical predicition corresponding to a vanishing ZW+W− cou-
pling, gZWW , corresponding to Z = −
cW
sW
in (1), and g^ = esW , which is similarly
ruled out.
In conclusion, after a few weeks of running at
p
s = 175 GeV at LEP 2, denite
direct evidence for the existence of a genuine, non-vanishing coupling among the
members of the W;W 0 triplet, characteristic of a non-Abelian structure, can be
obtained. Likewise, after 7 months of running at LEP 2, denite evidence for a
non-vanishing anomalous magnetic moment of the charged vector bosons can be
expected.
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Figure 1: Detecting a non-Abelian vector-boson coupling, g^ 6= 0, at LEP 2.
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Figure 2: Detecting a non-zero anomalous magnetic dipole moment, γ 6= 0, of the
W at LEP 2.
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